Adhesion molecules play a role in tumor growth, invasiveness, and the metastatic process. The expression of CD44 adhesion molecules in 11 intracranial germinoma specimens was investigated using anti-CD44 monoclonal antibody and immunohistochemical methods. In six of 11 specimens studied, CD44 antibodies were bound to the membrane of tumor cells; in five of six specimens, CD44 antigen was also present in the cytoplasm of tumor cells. The only three patients who showed CD44-positive expression in tumor cells, lymphocytes, and extracellular matrix (ECM) exhibited either cerebrospinal fluid dissemination or multiple tumors at different locations. In all 11 specimens, no expression of CD44 in normal glial cells or capillary endothelium was detected. According to the authors' findings, the expression of CD44 in intracranial germinomas is similar to that of gonadal seminomas. Analysis of the results further suggests the possibility that the expression of CD44 in intracranial germinoma tumor cells, lymphocytes, and ECM may contribute to tumor cell migration, adhesion to cerebrospinal fluid dissemination, and/or multiple tumor locations.
Specimens of intracranial germinomas surgically removed from 11 patients between August 1993 and February 1997 were studied. The patients were seven males and four females who ranged in age from 10 to 39 years at the time of diagnosis (median age 19 years). Five intracranial germinomas were located in the pineal region, three in the suprasellar region, and two in the corpus callosum; in one patient, the bilateral basal ganglia were involved. Three patients had tumors at multiple sites, noted either at the time of diagnosis or developing thereafter. In two patients with relatively low Ki-67-labeling indices, marked granulomatous reaction that was positive for Masson's trichrome stain was noted. Table 1 shows the tumor locations and the clinical characteristics of our 11 patients with intracranial germinomas. All specimens were obtained at surgery, which was either stereotactic biopsy or open surgery. The 11 germinomas were diagnosed by a neuropathologist based on hematoxylin and eosin staining and immunohistochemical staining.
Immunohistochemical Analysis
Tumor specimens were fixed in formalin and embedded in paraffin. Thin sections (4-5 µm) were prepared, deparaffinized with xylene, and rehydrated in a graded ethanol series after which 3% hydrogen peroxidase was added to eliminate endogenous peroxidase activity. The slides were covered for 1 hour at room temperature with monoclonal anti-CD44 antibodies diluted 1:50 (Novocastra Laboratories Ltd., New Castle, UK) or MIB-1 (Immunotech, Marseille, France). After three washes in phosphate-buffered saline (PBS) the tumor sections were incubated for 30 minutes at room temperature with 1:100 diluted biotinylated anti-mouse immunoglobulin G. After washing in PBS three times, the slides were reacted for 30 minutes with avidin-biotin complex and then incubated for 5 to 10 minutes in diaminobenzodine with buffer solution containing 3% hydrogen peroxidase. The slides were then counterstained with hematoxylin and observed under a microscope. The degree of CD44 immunohistochemical staining was recorded as absent (-), present (+), or severe (++). Table 2 summarizes the expression of CD44 in the intracranial germinoma specimens. In six specimens, CD44 antibodies were bound to the tumor cell membrane, and in five of these, CD44 antigen was found in the cytoplasm (Fig. 1 upper) . In addition, we observed CD44 expression in the cell membrane of infiltrating lymphocytes in three specimens ( Fig. 1 center) and the extracellular matrix (ECM) in five samples ( Fig. 1 lower) . Only three of 11 specimens showed CD44-positive expression in tumor cells, lymphocytes, and ECM. However, there was no expression of CD44 in adjacent normal glia cells or the capillary endothelium. A distinct granulomatous reaction with strong Masson's trichrome staining was noted in two of five specimens that showed CD44 positivity in ECM, indicating that collagen fibers were a major constituent of ECM. Using MIB-1 monoclonal antibody, which recognizes the Ki-67 cell cycle-specific nuclear antigen, the growth fraction ranged from 25 to 69.9%. The MIB-1 labeling index was not related to the degree of CD44 expression.
RESULTS

DISCUSSION
Primordial germ cells separate from somatic cells early in embryonic development and migrate from the fetal yolk sac to the gonadal blastema. However, they are widely disseminated throughout many tissues and organs, especially the diencephalopineal region, in early embryonic development. [3, 13] Intracranial germinomas and gonadal seminomas, both of which arise from germ cells, are histopathologically identical. Seminoma tumor cells have been found to be positive for CD44, and the CD44 antigen was present in the cytoplasm of tumor cells during the later stage of tumor maturation and metastasis. [7] Furthermore, the distinct CD44 expression in infiltrating lymphocytes and some elongated elements in the tumor stroma in testicular seminoma specimens has been demonstrated. [11] As was the case for gonadal seminoma, in our study CD44 was expressed in the cell membrane of tumor cells, lymphocytes, and/or ECM. Therefore, intracranial germinomas and gonadal seminomas are identical with respect to their histopathological features as well as their expression of CD44.
Elevated levels of CD44 expression have been detected in carcinoma, high-grade glioma, and non-Hodgkin's lymphoma. [2, 10, 16] A high level of CD44 expression in non-Hodgkin's lymphoma was correlated with the clinical stage, tumor spread, and poor response to treatment. [10] Tumor growth or metastasis was suppressed by the administration of CD44 immunoglobulin fusion protein or anti-CD44 antibody, [14, 18] a finding that supports the hypothesis that this molecule plays a role in tumor growth, invasiveness, and the metastatic process. Noninvasive and nonmetastatic lymphoma cells can acquire invasive as well as metastatic properties by experimentally enforced fusion with active T cells. [12] In addition to oncogenic transformation and the expression of CD44 in human cancer cells, activated lymphocytes are required for the metastatic process to occur. After antigenic activation, lymphocytes transiently express a variant of CD44. The expression and function of splice variants of CD44 appear to be essential not only for the generation of an immune response but also for the establishment of metastatic tumor colonies. [1, 9] Tumor metastasis is the end result of a multistep process. In our study, the MIB-1 labeling index was not related to the degree of CD44 expression. Therefore, this molecule may contribute to the tumor cells' migration and adhesion rather than proliferation. Recognition of ECM components is an essential factor mediating tumor metastasis during tumor cell movement through the extracellular space. A cell-surface receptor for hyaluronate, CD44 is thought to mediate cell attachment to ECM components. [10] The expression of CD44 on the ECM may enhance tumor cell migration at several steps of the metastatic process. In our study, all three patients with tumor specimens positive for CD44 expression in tumor cells, lymphocytes, and ECM manifested either tumor dissemination or multiple tumor locations. We found that primarily the cell membrane of tumor cells or lymphocytes were stained positively. In five of our 11 cases the CD44 antigen was taken up into the cytoplasm of the tumor cells. [8] The cytoplasmic domain interacts at least indirectly with components of the cytoskeleton. [10] The ECM, filling the spaces between cells, communicates with the cell interior and modulates cell adhesion and proliferation. Positive Masson's trichrome staining of collagen fibers, a major constituent of the ECM, was noted in the intracranial germinoma specimens exhibiting a granulomatous reaction. The expression of CD44 in these specimens indicates that CD44 can interact with the ECM. Furthermore, CD44 molecules may contribute to the inflammatory process by binding T cells to endothelial cells or ECM proteins that induce or upregulate T cell activation. [5] In our study, CD44 expression in the ECM accompanied by lymphocyte infiltration may reflect the inflammatory or immune process. All of the 11 intracranial germinoma specimens showed positive expression of MT-1 in lymphocytes, suggesting that germinoma cells, both intracranial and gonadal, are endowed with an unusual capacity to contribute to the T cell response.
Currently available anti-human CD44 monoclonal antibody does not distinguish between the different isoforms, and immunohistochemical analyses cannot be used to predict specific tumor behavior. [15] However, the expression of CD44 in tumor cells, lymphocytes, and the ECM may point to the possibility of the tumor cell migration, adhesion in cerebrospinal fluid dissemination, or multiple tumor locations in patients with intracranial germinomas. The development of a specific anti-CD44 antibody to distinguish between different isoforms may make CD44 a good candidate to be examined for its possible contribution to metastatic dissemination.
